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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method by which damage caused by laser 
beam irradiation in the target surface of an object to be 
machined is reduced and the attachment of dust to the 
target surface is effectively prevented, 
SOLUTION: In the laser beam machining method, a liquid ' 
8, through which a laser beam can be transmitted, is 
supplied to the target surface 10A of the object 10 to be 
machined, the target surface 10A is irradiated with the 
laser beam 24 via the liquid 8, and laser beam machining 
is performed while applying ultrasonic vibrations to the 
machining surface 10A. 
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i/\ Lniat)> *pxB±-eoaaE*i»ihL, 
[0060] mtc. mi nt&Bmic&z u-ifspxT 

tt, taXiif±*»tl«*#lc < fe!). U— IfBg^BBJcK* 

T'^So Sfc, U-^40Xfc:J:S«tt?ftHOJR«fc«3&' 
iPXffitc{^»-r * ©*B&±T* « o 
40 [0 0 6 1] Ctl^)«Iia^ X»S:»*ffliPX«r* 

[0 0 6 2] (S2^ffl0B«) H2t±, *^Olg2^ 

MltS^l/- tfiPXttBi o o©0T*feSc u— if 
ipx^s loott, u-if««»2 fc, ipx»^fe(fc 
£*t£^.x;\) 1 0^tS^I/^7 i:. 9*588 
S8 2*^fg-&&nfcU— !f*2 A^xai OOiPXffi 
1 0 Atc^fi^^:S^S^6 ^;l/^7tcfflfl:8«r« 
*&*rsffi#«JS^B9fc. ">x;M0OiPIffil0A* 
a*«aHBi«*«iH*«ffliP^*-XAl:*«A*o 

so [0 0 6 3] ffi^«9«lP^*xXAtt. H2©e0t?«. 
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^oi±*^ 1 2 o^snftifli-r^KHiMniiie 121^ 
T^^n^o c^^. m^mmm^ &mm=?\ 2 

Wi/m ooipxffii OA*jH«lflaBrraiii:fc:a 
[0064] H^ttbao^ s^saitD^^r. 

Xf 9 AfcHttTfeckV^o *;l/#*7fcl«*& 

1 ooipxffii 0 A±^8Si&*rs^^tc, Jjpxmi oa 

[0065] *>v?7i^ mimmmmtmrniz. u- 
•9^2 A*i«iiis-e:sawa»7 a£. ^xaiooio 

Xffi 1 0 A*CStfJHofeffi«fc:SS«f«IA*— h 7 B 
[0 0 6 6] U-if iPX^g 100t^5>^ If ft 

[0 0 6 7] B2ic^ru- *f*PX^gl 0 ozm^rc 

si 0 a±icu— »f}tt«aias-fr5«(*8*«*ftL, c 

<omW 8 *^ LT U— !f « 2 A £riPXffi 1 0 A icHMtf 

ipxffii o Aizm^mmmz-s-z-T, 
[0068] &a$aBSh&* rct^n, ipxjwfc* 1 o 

oJjpXdSi o AtK3\fffl!|(Offi^6a : gifi«:HiiP'rSo fe 

es»ffis&*r s i&f* 8 ^jpxai i o a icm^i&mm*^ 30 

[0 0 6 9] CCDZo&ls— *f*PX^ffi-Ct±, U— IfiP 
X<*HC2lPXffi 1 0 A#e^ffifi»-r*<D-Z\ IfJtfc 

ifiaxic XZW&Ttfrz t ^iPXffi 1 OAtc 
T*S 0 *2*flBB«OU— 1f*PX««l 00W ■> 

x^ 1 ootpx® 1 0 A±tc(${£±§— tcffiS-rarS^8 40 

cfcfciPiU IfJttHMtOKHc, ^xai 
O^JjpxMi 0 Afc:HSiRfilli*-£*.Scri:fc:J:9. 

x<-rjf>i/-if3tt2A©fiai*fcj:D»*-rs«ja*. ± 

[0 0 7 0] (»3HSt0BJB) ±aLfcSlHB!lJB»S 

fctiig 2 mmmm^ v taxsms ±tf u-if *px* 
a*\ *»*««©«jfiiii8T<es»fc^tisa^otax 

1 ^fis^n^ u-^jjpx^a tai 2 ^sbbsso u— *f *p 

XS«CDV^-fn*fflV^Tfe. S»^3StiET*#S 0 so 
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[0071] ( 1 ) trfca: 
03^ mi *SBB»*fttta2ita0B»ou— *f*px 

(»>x;\) 1 HcM^^i neMt^MSto 
[0 0 7 2] *»f*StE'\OU-1fiPXtt, 71/-^ 

commit. '<$-y<Dmmittfmt$*frT\ ¥«f*** 
x; Ntoss^ n— 7 * v h l tern iz mst? « * T*»f « 

[0 0 7 3] Sffc^Hcte, H3 (a) ^*T«J:-5^i/U 

3>-)xai loipxisi 1 A±tc, assa^cs^* 
(^a^) *-s;&Gifc«teLaft<&. ipxs 

1 1 AtCU— If ft 2 A*JHf#LT* ttbTOl S 
£#5 0 iimCDffil 1 T*Jgfi8-TSo *PXB$^. *DXffi 
1 1 AK:fflB«|gi&*#AS«^tt, afi^JRIMS* 

[00 7-4]*"Hpx«op-if)ifio«tt«4; -ffliZttriRiayr* 

0/im, S33^[rI^5 0 0 /imOjejBTftSa !fffi 
0) 1 /^l/Xfefc *5 OSBWi*;!/^— **tt 4J/c 
m 2 , 5§3!Jl}ggtfi 1 OkHzTSD, fi^FRjtc 1 0 
mm/sectlitSL^oT, ^-Y Vt^JpX-T 
^>o U— Ififtfttt 2 6 6 n nru /WXfitt 1 0 n s e c 
Tfc^> 0 ->Urr>*>X7M l iOApx® 1 1 Alcffi^^ti 

kxffliStcl:5^ SSAW9A. ijSliif 9B^I 
LTff^^tlTfcD. iPXffil 1 A±T\ mS—feffiM 

jpxffii i Aicia9ttaafe«#A^»frtt. »tt?4ii 

[0 0 7 5] TEMTRffiJgtttWM)^*, 1^3 

( a ) tC^-T cfc o ^ U— *fJttBB«*« 1 2 (Dj&mzIS 

Sfc, 019 (a) AS*TU— IfiPX 

Lfcfc#tc«^nfc3p-r f i i o i a. n»i 1 o 
2. «t>±3b<?> i i o 3mcoMmhM.zn?, s^m^m 

ffiftPXJ&R^a^Stifco ^^tc. 019 (a) tcijrT 

[0 0 7 6] ±^L^c8^ffi*U— 1fiPX^*5l/>T«, 
SS2 6 6 nmOSKBKSOI/- ^7t2 AtfffflSn 
Tl/^Stf, iS3 5 5 nm(OSE« i&l 5 3 2 n 
m^mxSISS. ^^tC^S 1 0 6 4 nmOl*S^f 

fflit^> tf7tp.gw^#a»i^i?5ihb, mwiVd<D 

Sa**^*^— 5 fg<D 2 0 J / c m 2 LfcS 



20 " 
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[0 0 7 7] gcfc, H3 (a) (DWt'Vlt* >"J3>")X 
Ga. P. As. In. A 1 ftHOffr&tt 

[0 0 7 8] H3 (b) tt x JtKWfcLT* ^U— Kl 

is >t? let® 3 0 /Am— 4 0 /im^D^U— H 1 3*M£JBS 
n> CCD^U— F 1 3 ££9. 7^2 5 0 /zm~ 1 00/i 10 

SffifflU^Un^XAi Hi:^5 0/Am©il 1 
l i a Steffi 1 1 btff££U fjrny 
^S/>^««Hifl©ttl 0 0 /i 

[0 0 7 9] i3 (c) te. i/Un>">XA 1 1 OiPX 

ig7& (^H^) ^LT^'J^^XAi KDimXffil 
1 AfcKJtU Si 1 U*»*Lfefc*©4nX*tttt, 

0 m. §52^|rJ# 5 00/1 mm. ^JBSlttf 1 0 mm 
/sec. ^UlWfttf 1 0 k H z . »W-S so 

4 J/cm 2 ■ jffiS^ 2 6 6 n mT85 0 

[0 0 8 0] T E M^ffiffl Lft»fWJB«0««Ojie*. 
7yt-7*S«*Tl^-!f3t2 A*!H»Lfc»*l*: 

1 0 0/imi^TlLTM o jfttt£l>T*fi7j<*ffifflL 
/cil^OJi 1 1 T<Di£S#J?J5 0 |imT$o fcCt tcjrb 
«U ft2«o}SS©lx-ifJpx*||31-r*c:4:*<T* 

[0 0 81] ££>^. H3 (b) ^^b/cct 
K 1 3*ffl^fc*&££i;S*^* 11a. K»l 1 40 
b. ^ytf>^l 1 c«©iltf4<, 01 9 

(a) tC^-Tcta^:^ K 1 1 0 1 A. W§> 110 2. 
«!>±*<*> l 1 0 3§tSi:A,Hti;4^ *SS£L 

t. affttjtaxKffijBttswscfctf-esso 

[0 0 8 2] icfc. ±aUfel^1«IPX*ftOjaBSft 
til Omm/s e cT*6S^ ^S^Jg£: 2 ^CQ^2£> 

2 0 mm/ s e c IC Lfc 5 0 /x m« 1 

1 U4MtSCi:tfTSfto -r^^*>. «{*8te7> so 
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x^jatc^fLT. rau»*^8i*jBric-rso*c. if 
*pxitjg^2fgo3i^^sa^*rscii:^T^, u— ir 

[0 0 8 3] £/c. APXffil 1 AtC7^x77j<M^ 

[o o 8 4] 04te. ifftoffigfc^ynvoftK 

ifiOiKS 1 0 6 4 n mO^KlR^Stt. 5 3 2 n m 
(DSXiftiHffiL «[S3 5 5 n nKD^HlftMiffiRtf »S 2 
6 6 nmO»EH*iiafclt«LT^Mtfc/>SV^ 

[00 8 51 MS1 10 0nmtt±Ol/"ifft*ffl^« 

XcD^ai. If Sftl 3 2"1 nmOYL F If 

^^nti^^, 830 
J/cm 2 ©x^-fI^tt^ 0 

-ifimX^fT&ofc^LTfc. »f!H»tc<J:SJ»*+ 

<*^X7^ApX-rsii^±. SSI 10 OnmKTOb 

[0 0 8 6] ( 2 ) ^flM±®«»l»D TiPX 
0 5 te. Si *S6?B9I*5 JztfSg 2 *JBgJBfc«S U— »f 
irPX;£J£*\ i/U3>^x;M l £ N ^©XlcJBfig^n 

rc»6»«<Dftpxi«:afflLfcffj*^'ro asics-rwc 

tt, SraiSIBffiTfeS»S2 6 6 nmOU— 1f5t2 A* 
[0 0 8 7] 05 Ca) Ttt, ^U3>»bil2 0*V 

Al 1 OUttiL/cAPX® 1 1 A±tJ±, U-f)t2A^ 

aawLTirax-rsH. c^hs) *««»sn. «f* 

*^LT*nXBB*BI»LTiPli i T*}gfiK-rSo 

[0 0 8 8] 05 (a) ^^-TWlT^i. 5/U3>Mft« 
2 0ti:}fiS2 6 6 nm<DU— 9*^2 A*KlRL&l/^ 
T% U— If3t2 Ati->yr3>ffifb»2 O^SILTlg 
5/U^>^7X7M 16Q4PXE1 lAKlgHftfSn, }*1 1 
Ttf»«Sh*o Ml 1 TOMtffl/\ COXetcSH 
«ShfcS/Un>llffc«2 0tt^n— Sti*o Z(D£ 
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OiOXffil 1 A±tC^»8tf«3&2nT^£^T. 
[0 0 8 9] 05 (b) Tti. S/U3V*|gftO^X/> 

2 % fflis/ y ^ 2 3 «m bft««iau« u 

— *fftn:TSo U— »fj«2 A*SftfbTftiX-r«IK»i:. 
^«S/ U n vj&fbH 2 3 OimXM 2 3 A , U n vgffb 10 
122 oiaxffi 2 2 A % U 3 >-Kfb§i 2 1 £>*PX 

B2 l A. i/y i i oinx® l l A±tc?gf* 

8*GM&-rSo 1^- 1f3fc 2 AttJS»8*3SaLT, JlPX 

[0 0 9 0] B5 (b) fc^-TWPtt. fifr>'j3>i 
<bJK2 K ^U3ygftl2 2, ^»S/yn>»{bM2 

3 O^n^tl^iSfi 2 6 6 nm(0 U— If % 2 A ^®1R"T 

sot% w»5/U3>»fbM2 3. $/y=3>afb«2 
2. w«>^j3>Kfbffi2 i ttHRjfcu— ifinxsn. £ 

"Sfc^XVW lOiPXffil 1 Afcl>— +f%2 A"#BB8** 2b 

nr. *5****£i:*<ii:4<, mi 1 t<du— if 
ftpx^fTt>ns 0 

[0 0 9 1] 05 (a) &cfctf5 (b) t^rt/vftl© 

ffli t . * x^<o #v > > funic A&iz mm s n 

[0 0 9 2] ^fc. 05 (b) (DfflfotS^T. '>U3> 

•)x;m i±o^i^ii^Mt§^si c*«s/y 

3>«fbM2 1, S/U3>«fkM2 2, Sfr>'J3>i 

I s = I i ( 1 — R) exp 

[0 0 9 6] ±j£Lfc£?fc: x >>U3>^XA1 i_h<D 
*fieMtcfflffl^r#x.-rtc^U n>^7X7N l l <D2mXffi l 

i aku— ■ *fipx«rfr5«-&^tt. mm^^—mm. 

S (1) £*5t>T, S»^R«tt«M-e»Sff0fc:ie 

t i ^ 0 . 3 (1/ai) 

— IfJtBBKflHfta i fe±tf«JP ti^S (2) *mtct 

'Jay)x;M lOiPXSl 1 Atcl>— ifipx-TScii: 

[0 0 9 8] «zk**JBO*PXffi±te:«l&ba:*'6U- 
1f*PX-r^OT% U-1f3t2AOgH»fc:«J:0«4-r*J» 

[0 0 9 9] B 5 fcaVrWWi* *&»8<bLTfcE7j<;&ffi 
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fbM2 3) \c2^vt%:£.VZ&2>£t%:< I/— IffclX 
[0 0 9 3] S/ij3>»>X/M l±fc^»i/y=l 

>itfUi2K s/yn>sfb«2 2, *»s/y3>mt 

12 3©*^*#Jll«i:LT»rtbfcttR*JMrr*o 
*ll^OI^1f«MflSa*o i (nm- 1 )>If 
£:t i (nm) ^"T^o T*k&*^y 3^x;M 1 
OiOXSl 1 A fc:u-ifjtt 2 AtfKSti »r^, ±mco 

T% is— if yt 2 a (omM^*»/¥—m&& 3 j / c m z 

ttTtltet5i»ltf$*e -7?, ^xai l^*6^H 
£igl 1 T#U— IfiPX-TSfcli, '>4<fcfe4J/c 

y n >»f bill 2 K 2 3 ©*ti«i**IBlc U-lf *PX 

m 2 7?£ Ds >gfbM 2 2 SHREK: U-lfiPXT 

c m 2 T'fe£> 0 

[0 0 9 4] 1 1 TO I/— IfllDXfcljgiSaBBWx*;!/ 
I "i (47/cm z )TU -yya^WWi 

i±»c»j«anft, »>y3ywti2 1. 23, 

"J ^ >^fb§l 22^ H OJWMBIUIO U-lf ttRiR«K 
«au WP*t ifcLfck*. ««K*aBaLT->y=i 

V^XAl lOiPXffil 1 AtCiOa-TSl^- if^£2 AO 
BBfttx^ji/^-M I a (1) tcfcDa-rci:^ 

[0 0 9 5] 

- a i • t i) ( 1 ) 

30 (HtSilii^TtSo S£oT. BSWx*;I/^— ffifi I s 
^ 3 J / c m 2 , SBWX*;!/^— «* I i= 4 J X c m 2 

o^^s: (1) kiftA-rsi:. ^M^flM/st i^, 

S (2) £LT5RS:£o 
[0 0 9 7] 

(2) 

/M lJz:3*-rsi^-1f4pX3ftK*lRi±-e**o 
[0100] flaft^*«#8**pxffi±T?aBBS*ail 
40 ^ti, U-1f3tfia«««l 2tc»4-r*«?a*»H!Wk: 

Mt&cttf-e^^ iFPX»**iRi±"rsc:i:tfT»*ao 
[0101] iPXffilcS^iSSSi^^^S^ 
tt, U-lfiPXtCcfc 0«fifebfc«tt^4PXffllcftf»-r 

[0 1 0 2] ^^tc. at^) «»»«is$«rr4s 

•)xA^b- *fipx-r*JS^^. ^x^±o^*6^fliaD 

u-if!RiR«»o i tmmt 1*, ti^o. 3/oi 

50 ^0»««XH/X*»IBLT, U-1fiPX*ili«)«(l 
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£:£t;£^s *x^ic«^ipx*fllrri: 

[0 10 3] (3) ^ttT>XM±<Dft««©U-t«iP 
X 

"To 0 6O0mi. ^SI^LTil3 0, 3 1 ^fflV^ 
£o ffl^<DAPXffi3 OA. 3 1 A±£. aSK^Cftl/^ 

&fn,TU—*fy£2 AT*iOXffi3 0 A, 3 1 A*BH»L 

Ti/- ifinx-r^c MI:j£i:t, ipxffi3 0A. 3 1 

3 1 M^ffii^nftffjKnicaBR-rsraL mas* 

[0 10 4] m6 (a) £^t«TI4, ->'j3>")x;\ 

O^U-lfiPX-rSo 4PXB3 0A±K:«jia-rs»f*:i: 
LTI|ffi7j<#(£JBU Q-s w i t c h Nd Y AGb 
1f*ffl^*o 1>— *fJtOJBttti. 1'0/imXl 0 > - 
m. JfM#x*;l/*— *fttt 3 J/cm 2 , > 3 y h ftU: 

1 TfftSo 

[0 10 5] /i -A E S£cfc£#*T<D*S^ ^St^U 
— lfftJX"«H««« 1 1 1 0ifi«Sfc±i:Tt^£:»+%O 
RjRiSJftl 13 5 (Hi 9 (b) ) SIMM 3 0<DU 

^nfco fot, 88»««itt«o«»«3 0OitfiSi« 

t±#t5C^S<, 8 ^ Q c mOitfiStfil 

[0 106] TEM««EfflL^VrraS«onR 
OfcgJil. ^St^TOU— If jbOXTBgS*M«ifi«^^ LJT 
l,\fc»D±tft> 1 1 3 3 ^fRtt^JHIi? 1 13 4 
9 (b) ) feWWStlftfrofco 

[0107] «7k<o«ieTT«*M3 o*u— tfipx-r 

te. U-1f«2AO»I*3 5 5 nm, 5 3 2 n m. 1 

0 6 4 nmfc«fts-a:T«>ra«K:a«sn«o -r&fr 
^ifi3 o«s»k:u— vitox-rsc4:««-e**o 

[0 10 8] B6 (b) (C^-rWTtt, isV ny^XA 

1 1 ±teJBj*«tl/£:«* 1 /im<D^JPIR3 1*U— FiP 
X-T^o *PXffi3 1 A±fc«IM-SJft(*i:LT«7j<*ffi 
ffiU Q-swi tch Nd YAGl/-f» 
So IfTtOJBtttt. 1 0 i*mx 1 0 /zm. HBI*X* 
)V¥-&m$3 J /cm 2 . i/3 7hSmt^So H 

6 (a) fcBU*ffT?Ol/- WlPXTfcJ:. SUPBI3 
»**tl*hU>^3 1 Tl±, S/U3>Kffc|||2 0£T* 
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[0 10 9] fct% i6 (c) Ki^-Tcfc^c. *pXE 

2 6 6 n m&rjfgl 3 ittSBS£>ifie 3 5 5 n m<D 9* ft 
2 A*KiHLTL$5<DT\ IfiPXlCte SIXTIES 
OiSS5 3 2 nmOU— 1fft2 A (SfcliS^Oi&S 

1 0 6 4 nmOl/-f)t2A) **fflWtC{£ffl-r S C 
WT# *o U~1f ft 2 A OJHI#X*;I/*— **tt 3 J / 

10 cm 2 . S/3'yhSttlt?*5o 

[oiio] yus/vawbkifektt, fflwxyf 

m/m i ngjgOX^>^££C£-££ 0 ^X7\±<£> 

*tt, u-ifft 2 Aosa»x*;i/^i?yy -»a«ft 

-Ttc. U-1fx^^->y«r(EJi-rs<li:^T#So L/c 
tfoT. flgJPl /xmOSi¥HM3 Uc. ->V^>mtM2 

20 -fSo'teSixt, a?pai3 Ti%ii£/ i cjr-->'jfs ■ 
ns D 

[oiii] /x— ae sfc**a#f©is», yus/va 

»^t>. ^*7?©U-1f*PXTflaM1«*l 2iE«k:4 

[0112] mmvLi 2ifi«"p©*o±*^o*ft»e 

so ?OJHftfe ft < . a»S:Kffi«ttT«M 3 1 *«ffljpx 

[oi 13] B6teavrff!iT?tt, ^x/\±o^«ishL 

fcSW±, 7;Hx^AE 
(A 1 - S i . Al-Cu, Al-C u — S i HO 

40 [0 11 4] (4) 5/U3>«fkiM3*tf7*hU^ 
h O If APX 

M7 (a) ti. i/ynmAi l±teS/yn>ffi{bK 

2 ot^LTMbft^U 3>!SftK4 0±fc»(* (^ 
El^) *fltlSLW6l/- ViPX-rsW*, 0 7 (b) 

a, ni:<5/y=iv«5rx/M 1 ±^->y 3>»ft«2 o 
*«i&Lfttf&u--ifipX'rsffj*^'ro 

[0 115] S/«j3VSftll4 O^^^j- hlx> ? XhJ^4 

lOMmffifttt, S/»J3>!>xai l^SHO^SE 
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f^Wl±ttMtift'b'$l\ Q-switch Nd YA 
G *f <Dm 3 ffiHfi-¥>£ 4 IftlBigtD i;5^DUV)t^ 

•9 ***** > F&m&wmt a c 

[0 116] 07 (a) (DtWTti. ->U3>Sft«4 0 
XAl 1 ±£ 2 0 nm^ISTM^ntt^o lO'> 10 

U3yaft«4 0±»«:W**«|&U Q-swi tch 
N d Y A G I^ifO»raiBWftTa&«iS«2 6 6 n 
mO U— »f ft 2 A TiPX-T So U— f 3tt 2 A Oflg«t± 1 
0 /imX 1 0 /iitk 8R»X*;l/:p— 0 . 5 J/c 
m 2 . h»± 1 TfcSo 

[0 117] S EMT»fffiJBtt*raKOl6*, 

*f ftPX Lfc»&lc If BBS*««itt«fc:£ Ufcffi t> 
i^tft^S/UnvafbWWft^OJHK (Ell 9 (c) # 

[O i l 8] &33. S>U"=i>BfEM4 ffH\ ^EM»' 20 
<D?£S 3 5 5 n rru ^X®fBj£<Z>Sfcg 5 3 2 n nru 

1 0 6 4 nmOU- !fft#KlKL£:^<OT\ C 

IfftJXtffrtonfcS/ U n >g{fcflg 4 0 tt, ffliUf XTiE 
[0 119] 07 (b) lZ&frm~ei±. v/'J^^XA 

0 nm<D]^JP<D:7;*- hl/^XH4 1 ^Mt5 a 7* ao 
hl/i/XH4 !OiPXB4 l A±lcWk G^MttO * 
«U Q-swi tch Nd YAGU—^fComm 
MM®. m&2 6 6 nm) (D\s— if)fc2 AT\ Jfok^ 
LTBrSfiB«*U— 1fllPX-r*o 1fJtt2 AOJBtttt 

1 0 /x m x l 0 /A rru Hgltfxi^l/^— ffiKte 0 . 5 J/ 
cm 2 , '>3 7hSttlT*$5o 

[0 12 0] S EM?KS?Btt£a&4>l3X* 
O If 4pXTBgftf««ifi«k:4 UTi/^cffl t) ±# D . 

^^hu^xhtt^ojn* (01 9 (d) #ga) it. m 

JBI^tlft^ofeo »f JraXA<fTt>nfC7^- h l^X h 4o 
g|4 Hi. SffJf>EKU lif^^--y^79X 

[0 1 2 1] 0 7 (a) , 7 (b) tC^-rv^n^WlT 

ftpxffi^ojRSfciKa^o^**. ctoMW 

[0 12 2] (5) ^V^>^^>ffMtcaiffi^nS 
U-lfiPX 
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[0 12 3] f;t\ 08 (a) fc:*Vr J:?^ >"JrJ> 

sjft^o 08 (b) ^^-r<fc3^> ^'jn^ 

x^M l^IB^KW^IiL, *x/m 1^11 

[0 12 4] 0 8 (c) ^^^3^. 

[0 12 5] 08 (d) fc^cfcSfc:, -r^V 

Xffi5 0tC«^ OFBaO *{WH&Lft3W6, IffiPX 

x^-rx®5 ofc:e«ifi*ai4pL3a:*<6u— ifimx-rs 

[0 12 6] 71^— K*fflt^T^S/>yLfcii^tt, 
f*^5 0 /imJWT©®«T». :/U~Ffc:J:3£Vv' 
gtf&So cntc^tLT. HlSfcaH2<0SE|lt?^-Y 

m-e&z> 0 ztc, *-/f, fee. 

[0 1 2 7] 09&. ffi^lx— »fJjPX^^S/>^^ 
>&Bf&TZ>££lc£*), ^x^n6 0_hO^»y^SBH«: 

ttH9 (a) ^^-rcfc-Stcffi^ttO^^VL^JBricT^ 

0 ±ic&mmm<D#-( i/y?^<4 >^®*-r^ c h ^ 

t?€So fc^^_tf. 09 (b) iztt&olc, 

w%mmc?2>ct-c\ ifto->xA6o±wti!2n 

^f'^^MWC^^t^o $f:i9 (c) \Z 

[o i 2 8] zziat, 01 otc^-rcfc^tc. lftO^ 
b, c*»*-rac:fcfeRr«fc:ft*o fefc^iflssft* 

[0 12 9] (6) yn— ^Vl/BHojgjSfciafflSftS 
U-lffiPX 

01 i«. *<*flaftTTOU— !fitax*, *§©yp- 
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*wEmmemK.mmi,itm%. mi 2t5&xfi 3 it. 
—/wwmit?- y 7±(D®$&?u 7^ti Wots 

[0 1 3 0] fiyn- /VHH^<DJBfiE»cfefcoT, S 

mmm6 2*^lpw P6 3tMLftift*Mt 

5„ ^tc. Ell 1 (b) fc^-TJ:-5tc. *6*§M6 2:}3<fc 
tf^7K6 3<D4I4Iot> Cu/Ta/TaN, P 
d/Ti/Ni f©#II!6 4 0 
1 l (c) iciS-riSlc, ^116 4±K8fl&&aig6 

5*««-r*. *ic» sii (d) fc^-r^atc, 

[0131] ^c; El 1 1 (eTC^t*5C;" C ii", ' 
Au, (^^OlSW-y+KiD, 
W)«'y^6 6*Mt5. SfftiCx 011 (f) 

Bm, tttt. fl3& #7^ll4:£:oWffiK%ffiV->Tx<y 

6 6 btfM^ns. 

[0 13 2] C©J;5SSffiTli, iaW&KftJEvx^ 
^ C M P *£H kt57*h'JV?77^ I14I^f 
S«±CE»*IESSlcjgjS-rsci:3!j«RrtlK:ft5o 30 

[0 13 3] fi£*?£TH±, «SIBKfcfcfcAtf*3ttt*y 
-Y3 K«I^T7* h 'J vy?7-f t J: 0; 

tto»Kie«ii*ffl»/^*<esHtt*^*fc«>. (set*** 

[0 1 3 4] Ell 2&£Zfl 3tt> ^i^D- /Vl/iat 
©leslclS*^^, Ell 3 (e) CDHmi. 01 2 
(d) fc5l*«t<ieT?l&*. 

[0 13 5] S-T, 012 (a) iCTn-t&vlc, ->'Ja 
V>ia7 l_hfc:J&ii&7 2^ftLXTmmm7 3%& 

f£Lrcmwi*mffi-?z a 012 a) ic^-rj;? 
So 012 (c) mmmon 5 so 
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ifjt*Ba»LT» thih^7 3X<D®fli*teiiSi7 5*i& 

£U tf*7'*->l/*»j£LTTJI!e»7 3©-»*B 

[0 13 6] 012 (d) ic^f <fc5£> C u/ 

Ta/TaN, P d/T i /N i f <D^S1I7 44f 

#u 013 (e) t^-r<t9tc, w.2<r>mm 
mmi i sehi 3(f) e^-ris 

7±c}S{**«*eua}b<6iift 

U— «fiPX*ffV\ SH«7 8. 7 9*^?--^t 

So 

[0 1 3 7] 0 13 (g) £5rf Auf 1 

C u ^-y^TiTMU Ei!l7 8, 7 9*&ft 

7 6T?Si6Jitr 0 lit, 013 (h) lz.7n-r^olc. 
*»»#JfcJ:»)*2©l»flB*filill7 7*MtSU 

i76a, 7 6 b4iffit5„ C ») jgf £ 1 

t'^TfSo" 
[0 13 8] ±a?LfcXS{±, ¥l»WXllCtt 

[0139] (7) 7v-<^Vh?- ^±©Ui^XI-5: 
2IK^55-rSU-1fSDX 

¥*n*-7v w xommitic £t>&i\ yv?77-f n 

T? Ti^lc ggtt 7" 5 Y * > h v - * £ £ g L T 7 5 f * 
> h«ffi*lRl±#-a:*atB*^Sfc&oTV>S. 
[0 14 0] ¥m#V V 7^7 4 JLMlOSlf 
>?~iDt£lt><nmytlt. KrFl*->-7l/-fJ?ArFl 

So SMKihBMti, ^^SiMOTt^^UXLTTta^©^ 
tlTV^So 

[0 14 1] L*^L, C©73JSTI±, M^fflOT'effli:. 

[0 14 2] *fiEi6j±©fc«>k:t±. »)tffl03t¥3R*ffl 
»Kt±SI#Bi5ihM* , fe*0^ 77^/OI-v-^4I 

[0 14 3] Y^J *>h-?-?±<Dl>i?Xh £%.$iffi 
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@icD£:f£T2f-££o 
[0 14 5] «ffc* Ell 4 (a) *5<fctfl 4 (b) 10 

nrc7^-r^>hv-^8 3 i^x 
h 8 5 ^s^K±si8 4±ic«f* (^h*) *«aeba 

[01461014 (a) t^tJ;^^ If— AS 8 7 
£ 1 0 /xmx 8 0 iimlzUg*), IfftSfcfcfcX-r-- 
^ <7Fm^) £\ Ell 4 (b) fc^-;!fllX««8 8k:» 
ot^lt^o Ell 4 (c) tStd;a^7^>3 7h 

£oT, S»S6lhi8 4 l/^X h 8 5 fcOSffiT, tt 

»fO»*»iRLT»llHBBIL. US>X h 8 5 kfi 
&tB6itBS8 4 i:^!TX h UXA^L, ±mcoisi/ 

[0 14 7] 77^^>hv-^8 3*i. iSSti-S^ 
5 0 /im^f) 2 0 0 /im^^T'M^tlTl/^o £ 30 

7^: 1 6 0 /imx 8 0 /imTMLf;^ 0 
14 (c) jLSfJ:5S:litfft8 9tf4i:5o Bl 4 

(a) . 14 (b) tc^TJ:?^ »<ttofcL/— »ftT 

a»^ijpx^*s^nso 

[o i 4 8] mi 5«u— ifipx-pffiffl-rse— Ajgtt 
<nm&m*7jk'?o mi s (a) ^-r^atc, m^x 

ao«««r4px-rscfc}b^#ao l^^, *px® 
£ &^i&MW]tf-$- fLZftZo $fc, mi 5 (b) tc^-r 

A<0»fBi«tt**if>f *tt*c4pXLTS l 
o»lRlK:s/7hLft«, Si©*fafc*itftJB2<zttnRi 
fc:s/7b«*T«»4PXJBttfc:-rsci:tiT?*So ^ 

[0 14 9] £>^3/u, l/^XKDa^tl:^;^i| 
l^cteu tT— A»tt*4PX««fcBI— tcLtiolLTfe so 
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Site* S»BSjtM8 4*««Lfc«k:T5-<^> 
hv— *±£>KfttB6itM8 4£rb— ifftjxtcj: 
ICgfoSU WiL/^Xh8 5^MLT^ Itftffl<D 

[0 15 0] (8) f7yt>f7^!*»#8lOl/ 

— fiiox 

WTTOW- *fiPX*3lffl LfcW£*rT 0 
[0 15 1] 565^ ¥iftf^WXfitX;I/-*-;l/^ 
JBfiEU ;l/ftJ£ia»ii*nteCu*0^«Sr 

waa^nn/^o mi 6 ^^^-5^. ;^K9 3 

0a. 9 0cCD[^C x S20f779 0 b 

JTTSo S2O^^7 p 9 0b^, JbrtlCjfcli 

19 7^LT^jS^^LfciBSS^^9 

So ^^7 p ^^n^n*«^»S9 io«ffi±fc*» 

Effi«ii9 5 3WB**nT*0. S2©f-^9 0 bit 

*»^S1S9 i <axii«itci&»H9 2#«rts*iT^ 

So " c: Ocfc -5 &X£ 9 * ztifcW yffi&mffiTZ c * 

^3o 

[0 l 5 2] Sfe f-7^X;l/- ^^^fefrtiPXti: 

r i E-eff&tonTv^s*^ *pxajs^ii<, £Xtt# 

©ft******. S/ynvf/WXlcBWIItti:, 
x;V-t^;b£(g^iB^fit^^i: fcl±5fcfc:BiWL 

[0 15 3] fcT\ x;V-^-;l/^fiictSlffi«E 

^lTL/^MLTX;^^MMt^o &6 

icjsi;t. &pxsK:jetiFtt&n«#x.«. Apxraicddft 
*px<-r^^£-r^o ssft«*&TTu—*f 4 ipx-rsci: 

fc«fc!>* »«^?B»»of*»oftv^»aiipXJBtt3b^ 

[0 l 5 4] mi 7*5^1 8tt, ^ytt^vTM 
^«ftgl^ffl^f,n^f7^cx;l/-$-^M 
t«ItW**l/, mi 8 (e) UiHl 7 (d) 
»<I8T*S 0 *t\ mi 7 (a) ICfjk^&olC is 

'Ja^iAi l 0±K:s/U3>HftMi 1 l 

rcss±^. ^ eras*) *fltteb*3V6i^-»f3tt* 
»»i/T, ;n i 3*jgf£-r*o mi 7 

(b) ^^-Ti;^^. ^— 1 3 0ilDB^Sffi±0-> 
U ^ >Kft:M 1 1 1 ±lc > 'J n v^ftM l l 4 ^r^^-r 
So ttTOBl 7 (c) -mi 8 (h) Olitt, 

oxafcraaiT*«o. *— ;n i 3ic&mi 1 5*?b» 
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Hi 1 5*Bf&L (0 17 (c) K ->'j3>|fcfkltl 
1 l±d^Iil 1 5t5&Zf->V=i>m<tmi 1 4£rRfc 
£LTX;l^y7^l l 5^:JfML (017 (d) ) , 
X;b-^v^l l 5fci"j3>»{tMi l litGM 

1 1 7»St5 (01 8 (e) ) „ S"JnvS«l 1 
o*WS^tc«J;t)MM{kL (01 8(f)), «ffifc-> 
U3>Htil 1 8*J#«LT3b*& (018 (g) ) % 

*mi8.?% (0 18 (h) ) o 
[0 15 5] ^-yy©iDl®lC!5it»)?S^«$&b)&^5. 
Sigu— <f)!)PiLT^-;^jfM-rs c fcfc: J; t) , tax 

fclcitK J»«e : F'f«Sil}a©(*»*«J:»)ja*WCI»il:T 

[0 T 5 6 ] JW±sffiTOUfc J: (SMI&TTiDl/- 20 
tftaX*^^H©«ii#a»c»ffl Lfcif-a-fi, API 

fcS&ttttax-rscfctf-efrSo ¥«»St«o«iS* 

j±'>u 3>«>xMKis«sn-r, in- v«iff:^»#yf 

mmwLm 0 ) , -t^s-y^xais, Kftsms^^tp 30 

Xirfe, IftffiS&TTOl/- tftaXSr&fiHCjIJST'it 
So -vf-tf-K, F-*-#-F, 

—jft— F, C P U 5p- F, ^ U Jp— K^^'J ^ h @H 
S^SS^ lfflX(i«^©-<T^-y^l|g-rsil^* 

[0 15 7] Sfc. ±izEbfcffi#«^TTOU— >ftal 

So 

[0 15 8] 40 

iito u—*m*MmK & s u ^sat t 

[0®<Dffi#&lHB.B] 

[0 1 ] *fgBfi<75SE 1 MffiBMlc&Z U— tf taX=g8i© 
«g«££0-?33So 

[0 2] *#^©fg2f§ffim^^S^-^taIga© 
«S«ffiSc0?-;!5S„ 

[0 3] *^©^3^Sgfl5Sli:LT^>Un>SffiO so 
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iPXtiiffiLfcW^U 03 (a) t±^{*lc^7k^ffl 

i/^c*^-©»fffi0, 03 (b) itit^mtLrmmffsm 

»fAPXt<kSS9fiB0, 03 (c) ab-+fAPXT'fS«:C 
T>^xT7j<*^ftitl^©llifrS0T-;&So 

[04] b— tf^coisfii:, ~>v 3 u— »f ?mm& 

[0 5] ^U3>a«i:^<o±t^$nfc^Bi^, 
iltMTT* U— tftal bfcCT^^-r0T'$.S o 

[0 6] isv=i^Mmzmmm%:ftLTB$.-£t\rc&m 

mtt, ^ft^TT'l^-^PXLrc^*^-r0T-feSo 
[0 7] 0 7 (a) ^'JnySftlKMJW:^ 

U 3 >gft:M^^«^TT'U-1fiPX L£0IJ^ 0 7 
(b) 3>SI±t«Stifc7* h U^X M 

So 

[08] &z>frtii>mm<tLrcisv ^^v^^zmfcm 
*&T(du— fiiPXT^-r->>'^sw^-r0-efeSo 

[0 9] ^tt*&TT-<DU— *fiPXt<fci3, ^X^ifc 

Mjlit:Ufc^J^-r0T-feS o ' ~ 
[0io] ?S#«S&T©U— ftaxfrj:^ u-£o©>i7 
\*» 6 -9- >f X^JBtt© Sft S ^ >y $r-f -> > ^"T S 

[011] «f*«*&T©l'~ ftal£\ #Ji^D-/<;U 

msaommc m m ? s w^^-r 0 t-£ s c 

[01 2] SM*ST©U- »ftaX*, ^S<7*p— /^U 
[013] it»«»TOW- «ftal*» ^B^a-/<;1/ 

wm<omf&&mm-?%miz7fc?m-eibK>. 012 (d) 

tc§l#iK<XS*^-r0T»feSo 
[0 1 4] «f*fl^TTIIH<8o;fce-A*j£SLT, 

[01 5] ^*e— Aox'j'y v^<om^7p.tm-^tb 

So 

[0 16] »«:«ISTT?0 U— *f iJPX^, 

[01 7] 01 6fc^Lfc^«y:/*:/^v:/ffl©3mif* 
^tt5ttSX;U-^-;l/JfM{c?^ffi^TT'tDU— tf 
AnX«rfflV>fc0!l^-r0T?feS o 

[018] ^-yyjj-v^-yygyo^^gatfc^sx 

**-rHi?feD» 017 (d) c^tKig^-ra 
T-2&S0 

[019] S£*OU- tfiPXSffitCtO^DS^-^ 

1 , 10 0 U— f APXSB 

2 U— f^Sgg 

3 U— <fafi=n>hn— 5 
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4 jfcgqR 1 

5 SS'JIS 2 

6 ^SIS 2 

7 2 

7 a mm& 3 

7 B h 4 
7C SfrSMtitf—h 5 

8 5 

9 6 
1 0 JlPX*f*% 10 6 
1 0 A *PXfcf*ffi 6 
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K 6K 7K 8 1 i/'Ja^lSg^XA 

0 S/yn>tt<kR 

K 23 S«5/U=i>iMbl« 

2, 40 s/ij3>a{fci 

0, 3 1 ^11 (CuB) 

1 7*H/^H 
0 fS^ffi 

5.5 6 W^y^r-T 9 
0 ^o^/n 

5. 7 7, 8 5 Ui/Xh 
6.7 6 &BE« 
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